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ABSTRACT 



Continuously flat-woven us^lantablc tubular prostbcscs 
have seamless woven sections which gradually change the 
number of warp yams to smoothly transilion, i.e*, tapers from 
one diameter to another. Multi-<fiainelcr endoluminal grafts 
having a variety of shapes and oonfiguations are made using 
a seamless weaving process witfiout unacceptable voids or 
gq» in the tubolaFwalL 

33 aaims, 17 Drawing Sheds 



a 



/o2 




03/19/2004, EAST Version: 1.4.1 



5,800,514 

Page 2 



U.S, PATENT DOCUMENTS 



5^46,040 
5;M3,897 
5368,076 
5370.683 



9/1993 
9/1994 



Barwick et al. . 
Sakatani et d. . 



U/1994 Qizzio. 
12/1994 Fcotaine. 



623/1 



5381,835 
5387300 
5390,707 
5394,906 
5,421372 



1/1995 Nodia. 

2/1995 Kitamnn. 

2/1995 Cahuzac. 

3/1995 Fadey. 

6^995 Hso. 



03/19/2004, EAST Version: 1.4.1 




03/19/2004, EAST Version: 1.4.1 



U.S. Patent sep. i, im sheet 2 of 17 5,800,514 




18 



03/19/2004, EAST Version: 1.4.1 



U.S. Patent Sep. l, 1998 sheet 3 of 17 5^800^514 



in 

CM 




03/19/2004, EAST Version: 1.4.1 



U.S. Patent 



Sep. 1, 1998 Sheet 4 of 17 



5,800,514 




03/19/2004, EAST Version: 1.4.1 




03/19/2004, EAST Version: 1.4.1 



U.S. Patent Sep. l, 1998 sheet 6 of 17 5,800,514 



>- 




03/19/2004, EAST Version: 1.4.1 



U.S. Patent Sep. l, 1998 sheet 7 of 17 5,800,514 

>- 




03/19/2004, EAST Version: 1.4.1 



U.S. Patent Sep. i, im sheet 8 of 17 5,800,514 

FIG- 12 




03/19/2004, EAST Version: 1.4.1 



i. 



U.S. Patent Sep. l, 1998 sheet 9 of l? 5,800,514 




03/19/2004, EAST Version: 1.4.1 



U.S. Patent Sep. i, im sheet 10 of 17 5,800,514 



FIG- 14 



630a 



170 




160 



630b 



03/19/2004, EAST Version: 1.4.1 



U.S. Patent Sep. l, 1998 sheet U of 17 



5,800,514 




03/19/2004, EAST Version: 1.4.1 



U.S. Patent 



Sep. 1, 1998 



Sheet 12 of 17 



5,800,514 




03/19/2004, EAST Version: 1.4.1 



U^. Patent Sep. i, iws sheet 13 on? 5,800,514 



FIG-19 mOR ART 




03/19/2004, EAST Version: 1.4.1 



U.S. Patent Sep. l, im sheet 14 of 17 5,800 




03/19/2004, EAST Version: 1.4.1 



U.S. Patent Sep. i, im 



Sheet 15 of 17 




U.S. Patent sep. i, im 



Sheet 16 of 17 



5,800,514 




03/19/2004, EAST Version: 1.4.1 




03/19/2004, EAST Version: 1.4.1 



5,800,514 

1 2 

SHAPED WOVEN TUBULAR SOFT-TISSUE on Aug. 2, 1994, herein inooiporatcd by refcrcnoc. The 

PROSTHESES AND METHODS OF thiniiess of this graft allows for it to be easily packed into a 

MANUFACTURH^G catteter delivery system and occupy less space within the 

lumen when deployed. However, tfiese grafts have been 

FIELD OF THE INVENTION . s made in straight lengths or bifurcated structures using tra- 

^ ... . . , ditioiial weaving techniques which have specific limitatioDS 

The present mvcntion relates to sh^d seamless woven to the final shapTof the product anSTin the case of 

tubular prostheses and methods of manufacture. In biftinalcd or multi-diamcter grafts, the transition fro^ 

particular, the present invention relates to implantable ^ ^ ^^^^^ i„ ^le weave, 

eadolummal prostheses used in the vascular system. ^ ^^^g 

BACKGROUND OFTOB INVHOTION sudden changes, as further discussed hffcin, are 

considered undesirable. 

TXibular woven fabrics have been used for soft-tissue Weaving is commonly employed to fabricate various 
iii^lantable prostheses to rq>lfloe or rq>air damaged or tubular shaped products. For exan^le, implantable tubular 
diseased lumens in the body. In particular, endoj^ostheses |Hostheses which serve as conduits, sudi as vascular grafts, 
are used in the vascular system to prevent the blood from csof^ageal grafts and the like, are commonly manufactured 
rupturing a weakened section of the vessel. Such endohxm i- ^ging tubular weaving techniques, \»^ercin the tubular prod- 
Ml conduits are gengjOlv atoedin a spec ked locg onm net is woven as a flat mbe. In such weaving processes, a 
ttiiry^ seLby means o f ste nts^ hocjp3 ygtteeg inec ^^ variety (rf yams arc interwoven to create the mbular fabric 
wSdrMrveJ o^ secure theagSS in pLace.J BndaSmiga' ^ For exanq)le, a sctofwaip yams is used which represents the 
IcrbGlar devices or conduits can also be used in other hmiens of the pcoduct being woven, and a fill yam is woven 

in the body, such as in the esophagus and colon areas. between the waip yams. The fill yam is woven along the 

Vascular grafts have been used successfully for many lengtbof tfaewarp yams, with each successive pass of the fill 
years to rqslace segments of the diseased vessel by open yarn across the waxp yams for each side cf the tube 
surgical methods. These techniques, however, required long 25 rqresenting one machine pid:. Thus, two maciiine picks 
and expensive procedures whidi have a hig^ d^ec of risk rqresent one filling pick in a tubular woven structure, since 
associated with them due to the complexity of the surgical weaving one fill yam along the entire circumfcrenoe of the 
procedures. Presently, non-invasive tedmiques for treating tube, ix., one filling pick, requires two picks of the weaving 
body lumens, sach as vessels in the vascular system, have machine. As sudi, in a conventional woven product, the fill 
become more prominent because fiiey present less risk to the yam is woven along the lengdi of the waip yams for a 
patient and are less complex dum open surgery. Generally, a mult^le number of machine picks, with die woven product 
doctor will make an indsian in the femoral artery and {Hoduceddeflnedlnlenglhfayihe number of filling picks of 
introduce an endoluminal device by means of a catheter the fill yam and defined in width by dte number of waip 
delivery system to the precise location of the damaged or yams in which the fill yam Is woven therebetween. Sudi 
diseased vessel. The devke will generallv include a stent ^ terminology and processes are common hi the art of textile 
"^and graft combination which is detjtoyed from die deliyS y weaving. 

system^ and affixed in place usually by use of a balloon Woven oiiwiar prosdieses such as vasoular grafts, having 
catheter. Hie balloon catheter is used to ex pand ifae s^ p tapaod Hi*nMi#j>r sections or taikxed sfa^ies such as those 
I which are attaAed to and most often con<^ fB1tfrt WF*^"^ shown in the inventive figtoes disqissfid herdn, have here- 
graft portion . Expansion of the stent serves to both anchor ^ tofoie not been iw>d#> without requiring mftt i^*^ ! customiza* 
the graft and to m a int a in the graft and Ifae body lumen in the tion in the form of cutting, splidng and/or tailoring with 
open stale. In some cases, self-expanding stents or the Uke sutures. Continuous flat-weaving techniques have not been 
are used. Stents made fiom shaped-mcmoiy materials, such 351^ to x tv*^ diameter dianges in a gradual manner, having 
as nitinol, are also employed whereby radial exp an sio n or tapered tubular section transitioning from one diameter to 
oontraction of the stent is designed to occur at specified anodier <ti ft nvp t ff j ^ct-^^aH^ di^n K^T dianges in the woven 
temperatures. product occur instantaneously, creating a sudden ^lit hi the 

The use of tubular endolmninal prostheses, however, warp yams. Such a sudden spUt, such as at the crotch section 
requires a hi£^ degree of predsion in the dfaynrtfr of the of a biftircated endoluminal graft, leaves g^ or voids in the 
tube, such ttiat its external dian:keler matches the intcmal weave at the splitting point Thus, convcntioDal bifurcated 
diamrter of the body lumen very dosely, thereby oonform- 50 woven grafts have Tequircd sewing of the cxotcfa section in 
ing to the internal surface of the body hrmea The vessels or order to insure a fluid-tight diaracter. Such sewing is labor 
lumens in the body, however, often vary in diameter and intensive and is generally done manually, tbadty introduc- 
sh^ from one length to another, in addition to sometunes ing the potential for human ems' and reliance on the 
defining a tortuous pafii therebetween. This is particularly teduuqoe of die technician. 

true with the vessels in the vascular system. Thus, tubular 53 Furthemme, the prior art techniques of fonning tubular 
cndoproslheses v^ch are generally straight in configuration shapes have required T^mmmi cutting and suturing of stan- 
caimot accurately oonfosm to all portions of the lumen dard woven tubes to the desired size and sh^ie. Continuous 
which have these variations present. Oftentimes, the pros- weaving of tntminr grafts to produce seamless gradual 
thesis wall will require a bunching or gafliering within the diameter transidons in devices has not been previously 
lumen of die vessel which psesents a long-term potmtial for ^ known. For exan^, the change firom a first diameter to a 
thrombosis and generally creates a more turbulent environ- second ^jflwww in a single lumen, straig^ graft, in a 
ment for blood flow. continuous weaving process was not attenq>ted due to the 

More recently, in recogmtioo of certain problems in aforementioned limitations. Instead, individaal grafts of 
iix9>lanting and delivering endoluminal prostheses, a thinly different diameters would be individually woven and sutured 
woven graft has been made which is designed to dosely fit 65 together to make a continuous tube. The diameter change 
the inner lumen ci vessels. Such a graft is described in required customized cutting to gradually transition from one 
00-assigned and copending U.S. Ser. No. 08/285334 filed diameter to another For example, in the case where a 
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bifurcated graft having a 24 mm aortic section and leg 
sections with different diameters, e.g. 12 mm and 10 mm, the 
surgeon would manually cut an bifurcated graft which was 
formed having two equal leg sections with the same 
diameters, and suture a seam along that leg to form a leg of 
the desired different diameter. This customization required 
cutting and suturing. Such customization relied heavily on 
the skill of the physician and resulted in little quality control 
in the final product Additionally, such grafts could not 
always be made in advance for a particular patient, since the 
requirements f(x such customization may not be known until 
the doctor begins the surg^ or procedure of introducing the 
device into the body. Additionally, as j^viously mentioned, 
the suture seams take up consixicrablc amounts of space 
when packed into the delivery capsule or other catheter-like 
device designed to d^loy die endolmniiial prostheses. 

Theie is cmrently no prior art means to satisfy the 
variatioa in requireineDts from patfeot to patient for proper 
fit of the endoprosthesis. Mor act oonidnnously woven 
bifurcated grafts not only suffered from the gap created at 
the waip yam split, but they existed only with iliac leg 
portions having equal diametas. If different diameter iliac 
leg portions were required, this would again be accom- 
plished through costomization. One leg would be manually 
cut-off and another ind^ndently formed 1^ having a 
different diameter would be sutured on In its place. 

Complex shapes, such as tubular **S** shaped or frusta- 
conical shifted woven sections weie not evoi attempted due 
to the impractilnlity, intensive labor and subsequent cost 
Such shaped tubes could not pracCicaUy be woven using 
prior art techniques. 

In additioD to requiring manual sewing stq>s, sutures used 
in prior art ^igfngm'Trd gnfts cieate seams ^i^cfa are to be 
avoided in endduminal prostheses, particularly because of 
the space whidi they take vp when tigbtly packed into a 
catheter delivery system. Rirthennore, such seams contrib- 
ute to irregularities in the surface of the graft and potential 
weakened areas which are obviously not desiralie. 

Due to the impracticalities of manufacturing tubular grafts 
and endoprostheses, straight and bifurcated tubular grafts 
often required custoonization tyy doctors using cutting and 
suturing for proper size and shap& 

With the present invention, designs are now possible 
wfaicfa herelofoce have not been realized. Thus, the weaving 
of gHKlually du9)ed tabular grafts in a oontittuoas process to 
create ffftamlfffs and vodd^free ooodoits for in^dantBtioo in 
the body has heretofocc not been pos8ibl& The present 
inventioo provides a process of prodndng sucdi grafts, as 
weU as piovidixig the weaving structure inherent in products 
focmed therefrom. 

SUMMARY OF THE INVENTION 

The present invention relates to flat-woven implantable 
tubular prostheses, and in paitiailar endobuninal grafts, 
have been continuously woven to form seamless 
tubular products having gradual changes in diameter along 
Hidr length, as well as various shaped tubular sections 
fanned fi^un gradual dtanges in the number of warp yams 
engaged or disengaged with the fill yams during the weaving 
process. Changes hi diameter and/or shipe are aoooinplished 
by gradually engaging and/or disengaging selected waip 
yams with tlie fill yams in tltc weave pattccn. It has been 
discovered that such a gradual transition can }k accom- 
plished using electronic jaoquard looms controlled by com- 
puter sdtware. Such engaging and^cr disengaging of waip 
yams can change the diameter of the tube in a manner which 



creates a seamless and gradual transition from one diameter 
to anotiier. Additionally, such engagement and/cr disengage- 
ment can be used to create tubular vascular prostheses and 
the like which have any number of shapes as depicted and 

5 further described herein. 

Thus, in one embodiment of the present invention there is 
provided, a flat- woven implantable tubular prosthesis having 
warp yams and fill yams including first and second spaced 
apart portions which define therebetween a transition tubular 

10 wall extent, the first portion having a first diamefffr and the 
second portion having at least a second diameter different 
from the first diameter. The tubular prosthesis funher 
includes a weaving pattern along the transition tubular wall 
extent, said weaving pattern having a gradual change in the 
number of warp yams to provide a seamless oansition 
between the first and second portions./ 

In anolher cmbodiinent of the present invention flicre is 
provided, a flat-woven implaiUable tubular prosthesis 
including first and seoMid ends defining a tubular wall 

^ therebetweettt with flie tubular wall including waxp yams 
and fill yams. The tubular wall is defined by a first elongate 
woven section with a first selected number of waip yams 
thercalong to define a first tubular internal diameter, and a 
second elongate woven section seamlessly contiguous with 

^ the first woven sccdosk and having a gratfaial diange in the 
number of warp yams thercalong to define at least a second 
tubular internal diameter: 

In an alternative embodiment of the present invention, 

^ there is provided, a flat-woven tubular iiDplantaUc prosthe- 
sis having warp yams and fill yams including first and 
second ends dining a tubular waU therebetween, wilh flie 
tubular wall having a first woven extent with a first selected 
number of warp yams thereal<»ig to define a first tubular 

^ internal diameter, a transitional second woven extent con- 
tiguous with the first woven section wifli at least a second 
selected nuixd)er of warp yams tfaerealong to define at least 
a second tubular internal diamffter which is different from 
the first tubular internal diameter, and at least a third woven 

^ extent contiguous with the second woven extent with a third 
selected number of warp yams which is different from the 
first and said second selected number of warp yams, with the 
third woven extent defining a third tubular internal diameter 
wtddi is different from the first and second tubular internal 
diametas. 

Additionally, methods of forming such endoluminal pros- 
theses are also provided. In one of such methods, there is 
provided a mefliod of forming a seamless flat-woven 
iDq)lantable mbular prosthesis including the steps of weav- 

5g ing a mbular wall having transitional diameter along a 
longitudinal extent thereof, such weaving induding gradu- 
ally engaging or disengaging additional warp yams along 
the extent to mnsitlon from a first diamfitn- to a second 
diameter different from the first diameter. 

S5 Another rmbodiinpnt of the mefliods of the present inven- 
tion includes a method of making a seamless fiat-woven 
implantahle tubular prosthesis inchiding weaving a first 
section of the prosthesis having a first diameter using a first 
selected number of waip yams, and transitioning to a second 

60 sectionof the prosthesis having a second diameter different 
from the first diameter by gradiuUy engaging or disengaging 
warp yams. 

Additionally included in tbc present invention is a method 
of f onning a flat-woven synthetic tubular implairtaMc pros- 
es theses luving a iHedsepredeteanined internal dlanMter(D) 
including the steps of: (i) choosing a desired weave paltan; 
(ii]pro)viding a desired yam and yam size for the weaving 
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pattem; (iii) providing a desired density (p) at which the yam present invention, showing warp yarns gradually disengaged 

is to be woven; (iv) providing a number of warp yams (S) from the weave during weaving of the iliac sections, 

required to weave a suitable tubing edge; (v) choosing a FIG. 25 is a perspective view of bifurcated grafts being 

desired internal (Wnvntin (D) of the tubular prosthesis; (vi) continuously seamlessly flat-woven in accordance with the 

calculating the total number of waip yams (N) required to 5 present invention, showing waip yams gradually disengaged 

weave the tubular prosdiesis having the iDtamal diamctrr from the weave during weaving of the aortic section. 

(D) using the fonmila: piQ 2^ is a pcrq>ectivc view of the bifurcated graft of 

iu^G^n^\ connection with the tapered graft of FIG, 5, 

with an internal stent shown at one portion (tf the grafL 

wherein N represents the total number of waip yams WG. 27 is a pcn^icctivc view of the bifiocated graft of 

required, S r^esents the number <rf warp yams required to PIG- 17 indudlng an internal stent extending therethrough, 

weave a suitable tubing edge, D represents the desired DETAILED DESCRIFnON OF THE 

mtemal diameter and p represents the number of warp yams PREFERRED EMBODIMENT 

per unit of dinmfltcr. . . 

It has been discovered through the i»esent invention that 

BRIEF DESOUFITON OF THE DRAWINGS tubular woven textile products sudi as vascular grafts can be 

«w^<* ji J ^ ' c A seamlessly woven into a variety of shapes and sizes, without 

FIGS. 2^, 4, 5, 6 and 7 dcpirtpcrspe^ of » ^^^^^j^^^^^ limitation in prior art ledmiques 

shaped grafts constructed in accordance with vanous «f t„bular weaving can be evidenced through the pri<» art 
embodiments of the present mvention. techniques for mamifacturing spUt grafts, sudi as bifurcated 

FIG. 8 is a pcrq>ective view <rf a graft of the present ^^af^^ tiifurcated yafts, and the like. A split graft consists 
inventicm having a first diam^er ti9>ering to a second ^5 of a tutiular graft section of a certain diameter, v^iich ^lits 
diameter shown in a flat, radially compressed fonn after ^ cx^^ area into a plurality of tubular graft sections or 
weaving but prior to heat setting. members of a different diameto- tium the first graft section. 

FIG. 9 is a cross-sectional view of the graft shown in FIG. For exampsle, a bifurcated graft, as depicted in FIG. 15, 
8. includes an aortic woven pardon 4£28 with a crotch 627» and 

FKj. It is a cross-sectional view of the graft of FIG. 8 30 sp^ts into first and second iliac woven potions 630a and 
after heat setting tf3<M». For the purposes of the presait invention, split grafts 

FIGS. and lli> are perspective views d weave arcdcsignatedasluivingal^ 
patterns in accordance with fhTpi^cnt invention. aortic woven poiton and second^ 

*r ^ ^ . ^ iliac woven portions or iHac leg sections, since in preferred 

FiaUisapa^vewwrfgraftsb^ cmbodimcnirsiich 1^ grafts, Lc: Kfurcated grafts, are 

flat-woven macoOTdancc with the lacsent invention, show- ^ tngmt for imptann^Hr^jwHhin th^ iiaite t the hrandi of the 
ingwarpyams gradually disengagedfromlheweave during artcriMTto instance, for use in fa»iring an aortic 

weaving of one <rf the graft sections. aneurism. 

FIG. 13 shows a photomictograph of the internal woven conventional m«F"rf'^^"ff processes for tubular 

portion of a crotch section of a bifurcated graft of die pricr ^ weavii« of Wfracated grafts, !t was Dccessary to qilit the 
art at a m a gniftcat i o n of lOx. number of waip yarns at the crotch area during the weaving 

FKr. 14 shows a photomiaDgriqii of the iulenal portion process in order to s{dit the tofmlar woven graft froin the first 
of a crotch section of a bifurcated graft made in accordance ^gg^ woven portioo 620 into fSbt first and second iliac 
with file present invention at a magnification of lOx wovea p<KtioQS tfMi and 63i&. This qilitting of waip yams 

FKjS. 15, 16 and 17 depkt perq>ective views of fatfur- 4s was necessary in order to arronyHsh the transition at the 
cated grafts constructed in accordance with altenurtive crotch 627» where the diameter (tf tfie graft transitions from 
embodiments of the present invention. a first inner diameter of tiie aortic woven portion 620 to two 

HG. 18 dciricts a perspective view of a trifurcatcd graft separate inner diameters reiracfflting die first and !a«s^ 
ccmstiucted in accordance witti an alternative embodiment iliac wovea portions 63flto and 6306. In poor art processes, 
<rf the present inventioiL 50 however, such transition fa split grafts from a first diameter 

intend pactioD of a cwtTsiction of a Ufk>^gnft of *^ V^. ^^1*1 ^^^^^^S 

"i* ~ " * . . ^ - w » nmnber of waip yarns in otda to fonn a continnous plaiii 

nuidema<x^dance With die present favention at a magn^ to fam iliac leg portion 

fication of 45X. incorrect number of waip yams in one of die iUac leg 

FIG.21isaperq>ectiveviewof ahtfmcatedg^of die p<xtions« since die number of warp yams required fa die 

present invention shown fa a flat, radially oompressed form ^ tubular weaving of die aortic portion was of ao odd nunibff, 

after weaving, but prior to heat-setting. q>Utting diis odd number fa half results fa an odd 

FIG. 22 is a cross-sectional view of the graft shown fa number and an even number: Thus, fa prior art processes, at 

FIG. 21. least one of the iliac leg portions of a tubular woven graft 

FIG. 23 is a cross-sectional view of the gnft of FIG. 21 often faduded an incoaed weave pattern at the flat-woven 

after heat setting. 65 edge. 

FIG. 24 is a perspective view of bof^ircated grafts lieing In an effort to correct this problem resulting fa the wrong 

continuously seamlessly flat-woven fa accordance with die number of waip yams fa one of die iliac leg portions, the 
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jment inventors discovered that it is possible to disengage portion 25. The gradual tapaiRg of transMooal woven 

a waip yam from the weave pattern for that portion of the poition 25 is accQiivlished by gradually disengaging and/or 

weaving process required to weave the iliac leg portions engaging a selected number of waxp yams fiom the weaving 

without deleterious effects. In the prior art weaving pro- pattern during weaving of the graft, as will be discussed in 

cesses the number of warp yams generally remained con- 3 more detail herein. 

stant throughout the weaving pattern, due to the ineffiden- FI0S. 3, 4, 5, 6 and 7 show various shapes of grafts that 
cies and iiqpracticability of disengaging a warp yam for only can be foimed according 10 the present inventioiL FIG. 3 
a portion of the weaving pattern. The present invention shows a variation of the configuration of FIG. 2, with graft 
utilizes spedally designed software and a customized elec- IM in the form of a step4apered graft having a tubular body 
tronic tubular weaving machine for disengaging a warp yam 117 with a first end 112 and an opposed second end 114 
foe a portion or portions of the weaving pattern. Thus, by defining an inner lumen 118 therebetween. In the embodi- 
discngaging one weip yam from the weave pattern at the ment of FIG. 3, graft 100 includes first woven portion 120 
crotch area during the weaving process, an odd number of which defines a portion of tubular wall 117 having a coo- 
warp yams could be utilized during die weaving of the iMac tinuous first inner diameter and second woven portion 130 
leg sections of the graft, and the coaect weave patton would 15 which defines a portion of tubular wall 117 having a con- 
be produced throughout the entire ^aft tinuous second inner diameter ^ch is different than the 
As previously discussed, a further problem with jvicr art inner diameter of first woven portion 120. Graft 100 of FIG. 
processes in the manufacture of <iih«>^Tr woven grafts related 3 further includes ttansitionai woven p<Htion 125 a<yacent 
to acfaieviog precise diameters of the graft Oftentimes, the and contiguous wiQi first and second woven portions 120 
portionof a damaged Uood vessel to be repaired included a 20 ^ ^ ^ embodiment, graft 100 indudes a 
taper or diameter change, wherein the blood vessel changes constant diameter extending throu£^ first woven portion 120 
fi^om one diameter to a second <ti*TifWi»r over the area to be and a constant diametrr viiich is different than the inner 
repaired. In Hie prior art, in order to conq>ensate for such diameter of first woven portion 120 which extends ttsougb 
dianges in diami^ers, a smgeon commonly cuts a gw»Tn]rj« second woven portion 130, and gradually ti^>ers from the 
tubular woven graft along its length, as demonstrated in FIG. 25 ^'^^ diamfitff of first woven pcation 120 to the inner 
lo, lb and Ic. In FIG. la, a seamless tubular woven graft 10* diameter of second woven potion 130 through the length of 
is depicted, having a first end 12* and a second end 14', with transitional woven poition 125. 

an internal diameter extending through the tubular graift As FIG. 4 shows a furtfaer variatxon on the stcp-t^qxaed 

shown in FIG. 1^, a cut in the wall of the graft was made, configuration of FIG. 3, with graft 200 having a tubular body 

leaving cut edges 13*. Thereafter, the cut edges 13' were 30 217 widi a first end 212 and an opposed seocMxl end 214 

sutured together by a surgeon with edge sutures 15*, fiiereby defining an inner lumen 218 therebetween. In the embodi- 

proWding a tubularwoven graft 10' wifli one diameter at first ment of FIG. 4, graft 200 includes a first woven portion 220 

end 12* which gradually tq>er6 to a second ^amptw at and a transitional woven portion 22S, with the first woven 

second end 14* by way of taper seam 1^. Such a tq>ering portion 220 defining first end 212 and induding a oontinu- 

process, however, inv<^ed a post-fofaiication technique, 35 ous inner diameter along the lengdi thereof, and the transi- 

resulting in a tubular woven graft which was no longer tional woven portion 225 defining second end 214 and 

seamless and required additional steps after fabrication of including a gradual taper such that graft 200 gradually tq)ers 

the graft from the inner diameter of first woven portion 220 to a 

In order to overcome these problems, the piesent inventor second diameter at second end 214 which is different dun 

discovered that such a tubular-woven could be tapered 40 the inner diameter of first woven pordon 220. It is oootem- 

iiiiriwg the weaving process, producing a seamless tubular- plated ttiat such gradual tapsing can be eitfaer an inward 

woven graft having a tspatd configuration, as well as a t^>er or an outward taper (flared), 

variety of other tsptn^ flares, and diapes as shown in HGS. FIG. 5 shows a ftmher variation on the configuration of 

2 through 7. graft 10 of FIG. 2, with graft 300 having a tubular body 317 

With lefereiice to FIG. 2» a typical Beandess tubular- as with a first end 312 and an 0{^x>sed second end 314 defining 

woven textile graft 10 in acooidance with the pment an inner lumen 318 therebetweoL In the embodiment of 

inventioo is shown generally as a tapered graft in a generally HO. 5, graft 300 inchidrs a transidonal wovoi portion 32S 

fiustoconical shqie. Graft 10 is a textile product f<nned of and a second woven pcotion 330, widi the transitional woven 

a woven synthetic fatnic Graft 10 is depktasd in one portion 325 defining first aid 312 and the second woven 

#! n^ini*itif #»iiit in FKG. 2 which inrhi'f^ff a generally mbdar so portion 330 induding a condnuous inner diameter along the 

body 17 having a first end 12 and an opposed second cad 14, length thereof, and defining second end 314. Ftnthcr, tran- 

defidng tticrebetweeo an inner hmoen 18 ^Mdb permits sitional woven portion 325 includes a gradual taper such that 

passage (tf blood once graft 10 is implanted hi die body. graft 300 gradually tapcn outwardly fixBU the inner diameter 

Graft 10 inri^id^ continnoas transitional woven portion 25 of first end 312 to a second diameter at second end 314 

extendb^ between first end 12 and second end 14, and ss which is different than ttie mner diameter of first end 312. 

extendhig along the entire length of graft 10. Gmft 10 of FIGS. 6 and 7 show fiulher shapes which can be formed 

nG. 2 has a generally fiu8loconicalduipe,wifli first end 12 according to die present invention. FIG, € depicts a sbn- 

having n first tubuhff mner diameter and second end 14 soidal shi^ed gndl 400 having a tubular body 417 witfi a 

having a second mbular inner diameter which is different first end 412 and an opposed second end 414 definhig an 

ttum the inner dianketeroffirst end 12b For example, first end 60 inner lumen 418 therebetween. In die embodiment of FIG. 

12 may have an inner diameter of 12 minimeters and second 6, graft 400 indudes a conlhmoas first woven portion 420, 

endl4may have an inner diameter of 10 miUimeterB, with with the first woven portion 420 defining bodi first and 

transitional woven portion 25 forming a gradual taper hav- second ends 412 and 414. FM woven portiOT 420 has a 

hkg successive changes in diameter throoghout such that eontlnnaus Inner diameter along the length thereof, sudi that 

gmft 10 gradually tapers from tfie 12 mllHmfftrT inner 65 first end 412 and second end 414 have the same huer 

diameter of first end 12 to the 10 mHUmeler inner diameter diamrtcr. Graft 400 is shqied along its length m an "S** 

of second end 14 alcng the leng^ of transitional woven configunuiott, with nibidar body 417 gradually changhig 
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direction as warp yams on one edge Gf graft 400 during the tiansitioD firom a graft secdoD of one d iamflyw to a graft 

weaving process arc engaged or disengaged while the same section of another diameter must be aocon9>Ushed in fluM- 

poction of tubular body 417 on the other edge of gnft 400 tight iq;)|]lications without creating sudi voids between die 

equally changes in the same direction as waip yams are contiguous weave sections which are generally greater than 

engaged or disengaged at this edge. Thus, as warp yams at ^ the diameter of three waip yams. In applications where 

one edge of the graft are disengaged as that edge aiul sh^ fluid-tight walls are not cnidal, ttie size of such voids may 

of ttkc graft gradually curves, the ooxrespooding waip yams of course be greater. 

at the opposite edge on the same pick are engaged. As the Any type of textile product can be used as ttie waip yams 

shape again changes diiectioo, the oj^xnite may be tnie, and fill yams of the present invention. Of particular useftil- 

Le., warp yams at a given pick on one edge may be engaging jq ness in fcmdng the woven prostheses of the present inven- 

as coiresponding waip yams at the other edge on the same tion are synthetic materials such as thermoplastic polymers, 

pick may be disengaging. In order to maintain a constant Thermoplastic yams suitable for use in the present invention 

diameter, tiie waip yams at each of the edges of the tubular indude, but are not limited to. polyesters, polypropylenes, 

graft must simultaneously change by additionally adding or polycthylenes, polyurethanes and polytrtrafluoroctiiylenes. 

engaging an equal numbo- of warp yams on one edge as tiie ^ The yams may be of the monofilament, multifilament, or 

other edge loses or disengages waips. Thus, the total number spun type. 

of warp yams within the tubular wall lemains constant The yams used in fomiing the woven grafts of the present 

during the weaving pn>cess. Invention may be flat, twisted or textured, and may have 

no. 7 depicts a variation of the sinusoidal shaped graft hi^i low or moderate shrinkage properties. Additionally, 

400 shown in FIG. 6. Graft 500 in no. 7 indudes a tubular ^ the yam type and yam denier can be sdcctcd to meet specific 

body 517 with a first end 512 and an opposed second end properties desired for the prosthesis, such as porosity, flex- 

514 defining an inner lumen 518 tiicrebetween. In tfie iTaUty and compliance. The yam demcr rqxesents tiie linear 

embodiment of FIG. 7, graft 500 indudes tist woven density <rf die yam (number of grams mass divided by 9,000 

portion 520 having a first inner diameter and second woven meters of lengtfi). Tims, a yam with a small denier would 

portion 530 having a second inner diameter which is differ- 25 corrcspood to a very fine yam ^creas a yam witti a larger 

cot than tiie inner diameter of first woven pwtion 520. Graft denifi, e.g., 1000. would coerced to a heavy yam. Tlic 

500 furthainchides transitional woven portion 525 aiQacent yams used with the fxesent invention may have a dcmcr 

first and second woven portions 520 and 530. For example, ftom about 20 to about 1000, preferably firom about 40 to 

first woven portion 520 may indude a wovai graft section about 300. Preferably, tiie warp and fin yams are polyester, 

having an inner diameter of 12 millimctecs and second 30 and most preferably the warp and fiU yams arc one jdy, 50 

woven poction 530 may indude a woven graft section denier, 48 filament flat polyester, 

hav^bg an inner diameter of 10 millimetm,witfitra&sitioaal The graft of tiie pcesent invention can be woven using any 

woven pGction 525 f<ximng a gradual tq>er sudi that graft known weave pattern in tiie art, hidudiiig. sinq>Ic weaves. 

500gnuh]allytapcra from the 12 millimeter inner diameter basketweaves, twill weaves, velour weaves and tiie like, and 

of first woven poction 520 to tiie 10 ">ti«»«M*r inner 35 is pceferabty woven using a flat plain mbular weave pattern, 

diameter of seoood woven portion 530 along tiie lengtfi of most prefe^Uy with about 170-190 waip yams (ends) per 

tiansitioaalwovenpoction525.Graft500ls8hi^alongiU indi per layer and about 86-90 fill yams ^cks) per indi per 

length in an "^^^ configuration similar to the manner in FIG. layet The wall thickness of the graft may be any oonven- 

6» with tubular body 517 gradually tapering in on one side tional useful tfaidmess, but is preferably no greater tiian 

of graft 500 <<«rf«g the weaving piocess while the same 40 about 0.16 mm, witii tfic moat preferable wall thinness 

portioaof tubular body 517 on ttieodier side of graft 500 bdng from about aOT mm to about 0.14 mnL j[]^c 

tapers outwai^y. ffdnaes&es facilitate the folding of tfic graft into n g EK. 

Whfle a variety of shapes and configurations are shown in ^^Tdeiivary system^ Moreover, the seamless (Le., 

flie drawings and described hcrdn, any seamless tubular suturclc8s)^urc of flie present invention further facilitates 

flat-woven graft inocaporating a gradual transitional con- 45 packing and fbldhig of tiie graft into tiic ddivcnr system, 

tinuously woven portion is Gontenq>lated by tiie present As noted, transitioQ firom one diameter to anotiicr diam- 

inventi<HL The gradual tapcoRg of tiie transitional woven eter is aooompUshed tiy gradually engaging and/or disen- 

portion is accomplished in eadi of die hiventive embodi- gaging sdected warp yams firom die weave pattern. In the 

ments by gradually disengaging and/or wigaging a sdected present invention, it has been discovered that such a trui- 

numbo- cf warp yams fix)m tiie weaving pattern during 50 sition can be efiectively aocoDopli^cd by engaging or dis- 

weaving of the graft, as will be discussed in nvsre detail engaging a maximiTm of three waip yams per four suooes- 

hrmn stvc ™r#rinr. pidcs fcT A gTvcD wcavc pattern ou cach edge 

Through ttie jKcsent invention it is now possible to of tixe graft. Such disengaging engaging of waip yarns can 

accon^sh disengaging and/or engaging of selected warp be accomplished in any combination of numbers. For 

yarns to aeate gradual dianges with size, sh^ or configu- 55 example, up to three warp yams can be disengaged or 

ration of ttic graft during weaving of tiie graft. It has been engaged at any of tiw four successive madune pieka, as long 

discovered through tiie present invention, however, tiiat sudi as tiie total number of waip yams engaged and/or disen- 

disengaging and/or engaging of die waip yams must be gaged does not exceed a maximum of tfnee waip yams per 

aooonqjlished in a gradual transition in order to prevent four madiine picks on cach edge of tiic tubular flat-woven 

holes or voids between tiic contiguous sections of ttie woven 60 iffoduct An ^ge is defined as an outer limit of the graft 

graft. It is known titat a delicate balance exists between width as taken along tiie iongimdinal axis as the graft is 

pcrosity of the graft for proper ingrowtii and tfie need in flat-woven on tiie loom. FK5. » shows sudi edges at 117c. As 

many plications for fluid-tight walls, h has been deter- iHcviously noted, two machine jdcfcs represents one filling 

mined tfiat a void greater tiian tiie diameter of about tiffee pid: of tubular fabric, Le., one dibular fill yam. Thus, four 

warp yams results in a graft witti a porosity w*ich is 65 madtinc picks r<?jresents two mbular fill yams, 

unacceptable as a fluid-tig^t conduit and may be incurable As noted above, preferably the tubular-woven graft of the 
of suffidentiy maintaining blood pressure therein. Thus, the present invention is ccmstracted of polyester wtilch is 
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capable oi shxinking during a heat set process. For instance, 
such ^afts are typically flat-woven in a tubular form. Due 
to liie nature of die flat-weaving process, Ibe tubular graft is 
geocraliy flat in shape after weaving, as depicted in FIG. 8, 
which shows a graft 100 in one embodiment of the present 
invention as flat-woven in a tubular step-tapered form as 
shown in FIG. 3. As shown in cross-sectional view in FIG.9« 
such a flat-woven tubular graft subsequent to weaving is 
generally elipticaL Such grafts, however, when constnicted 
ci beat-settable polyester yam, can be heat set on a mandrel 
to form a generally circular shape, as depicted hi FIG. 10. 

Sudi a heat setting process is accomplished by first 
fiat-weaving the grail in a tubular form out of a material 
capable of shrinking during a heat setting process. After the 
g^ is woven, the graft is placed on a mandrel, and heated 
in an oven at a temperature and time c^>able of causing the 
yams of the graft to heat set to the shape and diameter of the 
mandrcL EYcfcrably polyester yams are used as the warp and 
fill yams, and the heat setting is accoiiq>li5hed at time and 
tcnqjcraturcs a ppropriate for ttie matmal For cxao^le^ heat 
setting can be accomplished at about 190^-200"^ C. for a 
period of about 14-16 minutes. Other m^ods oi heat 
setting known in the art may be en^loyed. After such a heat 
setting process, the graft can be formed into a sh^ desired 
f(x inqilantation, having a generally cticular inner lumen. 

As noted above, due to the nature of the flat-weaving 
process, widic graft 100 is mbular, it is generally flat in 
^iapc during weaving and prior to the aforementioaed heat 
setting, as shown in FIG. 9. The post-fabdcation flat sb^ 
of tubular wall 117 is comprised cf top tubular body portion 
117a and bottom tubular body portion 117^, wbidi connect 
at tubular body edges 117c. While reference has been made 
Co a heat setting process for forming graft 100 into a 
generally cylindrical shape as shown in FIG. 10, graft 100 
can be provided as a finished product in the generally flat 
8hq>e shown in FKJ. 9, can be made cyiinddcal in sbq>e 
by any known mefliods. FUrtiKr, crinqmig of the graft 100 
along the length of tubular wan 117 to provide structural 
mtegriiy is conteoiplated. 

FIG. 11a shows a conventional plain tuboUr weave pat- 
tern known in the ait Warp yams 160 are further shown as 
160a indicating they are in the top layer of the weave and 
1606 indicating their presence in the bottom layer of the 
weave. Tbp wazp yams 160a and bottom warp yams 1606 
ran in a lengthwise direction in the graft and define the width 
of tfie graft. HU yams 170 are ftnther shown as top fill yams 
170a and bottom fill yams 1706. These fill yams are woven 
with the top and bottcnn warp yams 160a and 1606 as shown 
hi FIG. 11a in a manner known in the art For ratamplf!, a 
filling yam shuttle (not 8hown)passes across waip yams 160 
while selected warp yams 160 are lifted according to a 
specific weave pattern. In dectranic weaviQg madifnrs, 
sudi weave patterns can be programmed usmg software into 
the machine. In atypical plain mbular weave as depicted in 
no. llo, the shutfie first weaves top fill yam 170a by 
passing across waip yams 160 while cotain waip yams 160 
are lifted. During invcl of top fill yams 170o (dhectioo X) 
for weaving of the top tubular body portion such as top 
tubular body portion 117a of paft 100, die bottom waip 
yams 1606 are not lifted to prevent top fill yams 170a from 
mterweaving with bottom waip yams 1606. Likewise, dur- 
uig passage of bottom fill yams 1706 (duection Y) for 
weaving of the bottom tubular body portion such as the 
bottom tubular body portion 1176 cf graft 100, the top waip 
yams 160a are always lifted such that bottom fill yams 1706 
are not interwoven with top warp yams 160a. The pUdn 
tubular weave pattern as Just described can be used to form 
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straigiht portions of the inventive grafts which have a con- 
stant diameter. This pattern is then modified by gradually 
engaging or disengaging waip yams to create tapm and/or 
shi^s. 

^ For cxaxapic, the plain weave pattern shown in RG. Ua 
and described above is fcvmed by continuously passing top 
and bottom fill yams 170a and 1706 back and forth across 
warp yams 160 to foim first woven portion 120 of graft 100 
shown in FIG. 12. 

FIG. 116 shows a plain tubular weave pattern having a 
gradual disengaging of waip yams. As seen in FIG. 116» 
waip yams 160' have been disengaged firom the pattern and 
are no longer interwoven beginning at the fill yam 170^. 
likewise, the neait set of picks shows an additional warp 
yam being disengaged. As noted, flie pattern is wifliin the 
maximum disengagement of three waip yams per four 
machine picks. 
The disengaging of the waxp yams is acoompUshed by 

^ dropping the desired waip yams finom the end of die tubular 
flat-woven graft during the weaving process, such that the 
fill yams arc not interwoven across the waip yams for fliat 
section of tiie pattern. Such dropping of waip yams in a 
gradual manwx forms the tiansitioiial portion of the graft. In 

^ continuous flat-weaving processes, the warp yams arc dicn 
re-engaged during the weave pattern once the transitional 
section has beat completed. 

Once the complete graft has btea woven, the weave 
pattern may be repeated creating the next graft to be woven 

3Q in a continuous process. 

FIG. 12 shows a plurality of grafts 100 being woven in a 
continuous flat-weaving process, in accordance with the 
present invention. First woven p(»tion 120 is of one inner 
diameter, for instance 24 millimeters, while second woven 

33 p(Htion 130 is of another inner djamrtfr dififerent than that 
of first woven porticm 120, foar instance IS millimeters. As 
sudi, first woven portion 120 requires more waip yams 160 
for weaving than does second woven portion 130. T1ius» at 
transitional portion 125, the waip yams are gradually dis- 

40 engaged firom the weave, as depicted by disengaged warp 
yams 160^. Since the grafts cf the present invention are 
preferably fabricated using a continuous flat-weaving 
process, disengaged warp yams 160* must be re-engaged 
into the weave pattern after completion of the second woven 

45 porticm in order to begin weaving the fiirst woven poition of 
the sutraequent graft to be produced. Through such a con- 
tmuous flat-weaving process, aplurality of grafts 100 can be 
woven in a continuous manner, and can be cut tupttt along 
line C after fabrication. FUrflicmuxe, disengaged warp yams 

so 160^ are removed subsequent to weaving. 

For fiat-weaving of Ufttrcated mbular grafts, prior art 
processes typically involved splitting of the waxp yams in 
half at file portion of die weavepattem where the graft 9lits 
from the aortic gr aft p ort i on to the iliac leg portions, with the 

55 iUac leg sections of ttie graft therefore being woven with half 
the number of warp yams as die aortic section of the graft. 
With such tedmiques, however, variations in the diameters 
of the iliac leg sectimis could not be aooompHshed In a 
seamless manm Ty^iaSfyt when a tubular woven Uftr- 

60 cated graft with two different diameter iliac leg portions was 
required, ie^ when a tubular woven bifurcated graft having 
iliac 1^ portions with diameters different than ttuit wtucfa 
would be f onned by qpUtting the number of waip yams In 
half was desired, flie bifincated graft would have to be first 

65 woven in a conventional manner, followed by cutting and 
suturing of the iliac to achieve the desired dlamrtfr. As 
discussed above, grafts produced in such a manner resulted 
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in many drawbacks. For instance, the sutme seam added to 914b and 914c with first woven poition 920, transitional 

the waU thickness of the graft and added a discontinuity to woven portion 925, first and second iliac woven portions 

the internal wall surface of the graft Fuitha, grafts requiring 5^3<ki and 930b, and further includes an addiHooal iliac leg 

such post-fabricadoo suturing resulted in voids in the graft as iliac woven portion 93Ck:. Ftirther, trifurcalcd graft 9M 

wall from the needle which was used for suturing. FIG. 13 3 also includes crotches 927a, 927^ and 927c (not shown), 

shows a photomicrograph of an enlarged view of the internal extending between transitional woven portion 925 and each 

poctioD of a prior art bifurcated graft woven of waip yams juac woven portions 930o, 9306 and 930c. 

"^^^T "^J^ T tZ!"^^^^ Priorartprocesseafortubularweavingof splitgraftssuch 

*^*!;? leg portions bnmch off from the aortic ^ ^^^^ tnfurcat^ grafts and the like Tesultcd in 

pocUon.Nee<Ueholesl40areprese^ ,0 holes or voids in the at)tch area of the grafts, which in 

rqiresenttng holes through the^ waU whi^were made applications fuitfa(T resulted in undSirable porosity 

by a needle durmg suturing of the niacleg portions to the ^ the ^aft. TTie porosity of gnifts is of vital 

aomcpcHUon. ^ ^ ^.^ since such grafts are to be invlantcd Into the body as fluid 

Through the present mvcnUon, split grafts such as bifur- conduits and dierefcffe must be of a porosity whidi fxevents 

caied grafts can be flat-woven in a mbularfOTm with varying 15 undesirable fluid leakage thiou^ the waU of the graft TTic 

diametm in fee iliac potions and the a<wtic portion, without ^^j^ formed in flic aotch area of bifurcated 

the need for such post-fabrication suturing. This is acoonir produced by the prior ait tubular weaving techniques 

pushed by a gradual transition in the number of warp yams resulted in high porosity of flie graft at the aotch area and 

in the weave of the graft, as accomplished in the tiqiacd required suturing before they were acceptable for implan- 

grafts discussed above. Such gradual transition is accomr 20 tation. A bifurcated graft woven <rf waip yarns 1«1 and fill 

plishcd by gradually engaging or disengaging warp yams j^j reinforcement sutures is depicted in 

during the fabrication of the graft at the transition from flie pjQ representing the prior ait PKj. 19 is a scanning 

a<Htic graft potion to the iliac leg portions of the graft. A ^lectiwi nricrogr^ of a jaior ait Wfiircated graft showing 

Uftncated graft produced in fliis manner is shown in an the crotch area in an enlarged view. Waip yams 161 and fill 

enlarged view at FIG. 14.TO. 14 shows a^acalwljgaft 25 ^ generally in the mioograph. Crotch 

havingfirstandscoondiltac wovenportions«to gj^urcs 150 are shown, whidi undesirably create an added 

As compared wifli the prior art graft shown mnaU flic area of waU thickness in die graft, 

^ ^f^TL^ «^ s« A. ^.^^i^wJuri ...^w^on/^ crotch area of a split graft can be avoided by gradually 

tZ^I wr« «f • I . I 1 one woven section to another woven 8ecd<xi contiguous 

^f^^ * ^"^i!?"^^^ thereby avoiding tiie necessity for post-fahtooion 

^"^"^J^^.^^^ suturing of voids. THUS, as depicted in HG. 20, a closed 

aJ^ "jj ^ ^ Ji^I weave is established in ootch 627 of a bifurcated graft 660, 

6146 defimng thcrebe^ ^ by gradually transfaringfliewaip yarns during the weaving 

penmts passage ""^^^^^^ S?, Itom one wovS section to another woven section 

m9>lanted in a blood vessel Brfurcated graft 600 indudcs i^mijaious thcicwittL 

aortic wovoi portion 620 having a first inner diameter, and "7* , ^ . . * j & 

fimher mduckTfirst and second iliac woven tubular wall I^ewimpk^dunng^^^ 

portions 630a and 6306 each having an mner diam^ 40 f* *owninFIO. If* ^ 1^^^*^^ 

{vhid, is different dian tfie mncr dii^ of aortic woven ^^^^ ^ ^"^^ Sl^^^ ^f^, 

portion 620. The imiff diameters of first and second iliac ^ ^ff^.^T^'' ^ ^fj?^^ 

Wavcnportions630aand6306canbediesame,asdcpicted wovaisert^^ 

in FIG. 15, or can be different, as de^dctcd in 730fl and 7306 ^ 

of FIG. 16. Ftobcr,iliac woven portions 630fl and 6306 can 45 Ftirflier, during weaving of Uftncated graft 600, two 

be of die same gencnl length as shown in FIG& 15 and 16, separate filling yam sbutdes (not shown) are required for 

or can be of diffexcait general lengflis, as shown at 830a and weaving of the two distinct iliac woven portions 630ti and 

8306 in FIG. 17. Bifurcated graft 600 ftmher inchides 6306. lb fom the gradual transition in the crotch 627 

bifurcated transitional woven portion 625 contiguous wifli avoidrng holes, the shuttie d esignat rrt for weaving of iliac 

aortic woven portion 620 and first and second iliac woven so woven portion 630a selectively and gradually adages waip 

portions 630a and 6306 at ootch 627 forming a bifurcated yams drsignated for weaving of iliac woven portion 6306. 

ardL Bifurcated transitional woven portion 625 forms a likewise, die shuttie designated for weaving iliac woven 

gradual tapct such tiiat bifurcated graft 600 gradually tq>ers portion 6306 selectively and gradually engages warp yams 

from the ^nnw diametff of aortic woven portion 620 to die designated foe weaving of iliac woven p<Htion 630a. In titis 

innPT diameters of first and second iliac woven portioais 55 manna, the ootch 627 is woven using a simultaneous 

630a and 6306 along the iengdi of bifurcated tiansittonal tq>ering effect at tiie interface between the aortic woven 

woven portioa 625. The gradual t^xring of bifurcated portion 620 and iliac woven porticns 630a and 6306. As 

transitiGoial woven potion 625 is accon^lishedby gradually such, a smoodi contigaoos surface transiti(» is obtained, 

disengaging and/or engaging a selected number of warp When weaving materials for implantation such as vascu- 

yams from the weaving pattern during weaving of the graft, 60 lar grafts, however, it is necessary to provide exact inner 

as acoon^lished in the p re f erred embodiment discussed diameters for the woven grafts. It has been discovered that, 

above. when using beat setting yams sud) as polyester for the 

FIG 18 depicts a trifurcated graft 900 in accordance with weaving yams, the actual diameter after heat setting of the 

an alternative embodiment of the present invention. Ttifur- yams is not easily predictable using conventional tech- 

cated graft 900 is of the same general configuration as 6S niques. For example, in the prior art weaving a mbular 

bifurcated graft 600 shown in FIG. 17, including a generally bifurcated graft having an a<Htic graft section of 26 milli- 

tubular body 917 having first end 912, second ends 914a, meter inner diameter and two iliac leg sections of 13 
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milliineter toner diameter^ &c warp yams were split in half 
in order to weave the iliac leg secdons, with 627 warp yams 
required for weaving of the aortic graft section, and 313 
warp yams (half of 627) being used for weaving of each of 
the iliac leg sections. When such a graft was flat-woven of 
polyester in tubular form and then heat set, however, the 
exact diameters of 26 millimeters for the aortic section and 
13 millimeters for each of die iliac leg sections was not 
acconc^lishcd. Although the acxdc section achieved the 26 
millimeter diameter* the iliac leg portions dmmk to a smaller 
diameter than 13 millimeters, making the graft difficult to 
remove from the mandrel Thus, the graft was not a true 
26x13x13 set of diameters. 

As noted above, the invention en^loys customized, pro- 
grammable dedronic jacquaid weaving machines to gradu- 
dJy engage and/or disengagp selected warp yams from the 
weaving pattern during weaving of a flat-woven mbular 
product ^di such cqrabOitles, the present inventor has 
discovered that the number of waxp yams required for each 
of the tubular segments having different diameters can be 
pre-determined to account for the variation in heat shcinlcage 
from one diameter to the next Thus, in yet another alternate 
coobodiment of the present invention, a method of fcnning 
a fiat^oven syndietic tubular in^lantable prostiiesls having 
a precise pre-desermhted internal diameter is providecL In 
the method, a desired weaving pattern is first selected for 
constiucting the prosttiesis. BcefiBiably, the weaving pattern 
is selected from ttie gnxq) consisting of a simple weave 
(pbdn weave), a basket weave, a twfll weave, and vdour 
weaves. A desired yam size and yam diamrtffr is then 
provided for the weaving patten. The density at wMch die 
yam is to be woven in the weave is then chosen, represented 
by a specific number of warp yams per unit diameter. 
Additionally, a selected number of waip yams is provided 
fa weaving a suitable tutang edge. The desired internal 
diameter of the tubular prosthesis is tiien sdected. Based 
upon knowing diese parameters, the total numiber of waip 
yams required to weave die tubidar psosthesia with sncfa a 
desired internal dfamfttiT can be calculated using the fol- 
lowhig f (vmula: 

wherein N represents the total number of watp yams 
required, S vqnesents die number of edge waip yams 
requffed to weave a suitaUe tutmig edge , D iqxesents the 
desired internal dtameter and p rqsesents die number of 
waip yams per unit of diametet By flying die afomnen- 
doned steps, it has been discovered that an exact inner 
diameter for a given syndiedc tUbularwovoi product can be 
predetermined to aocoum for variadon in shdnkage due to 
heat setting. In a preferred embodfanent, S is 29 when the 
diameter D is an even number, and S is 28 when the diameter 
is an odd nunobec In such a preft n e d embodhnent, the 
denst^ pis 23a8inga 1 ply/50 deniEiy48 filament polyester 
yam. 

IVmdng now toFIGS. 21-29, hifiircated graft 64N) of PIO. 
21 is depicted in a generally fiat tubular shape subsequent to 
weaving, with top tubular wall portion 617a and bottom 
tubular waU portion 6176 connecting at tubular edges 617c 
m a similar means as graft 100, previously discussed widi 
relation to FIGS. 8-10. 

Pmdier, FIGS. 24 and 25 show a phiraiity of biftircated 
grafts 600 being woven in a continuous flat-weaving 
process, in aoocrdanoe witti one embodiment of the present 
hivcntion. Bifurcated grafts 600* as shown in FIGS. 24 and 
25, are woven in a shaiilBr manner as grafts 100, depicted in 
FIG. 12. In FIG. 24, however, bifiircated graft 600 includes 
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aortic woven portion 620 and first and second iliac woven 
portions 630^ and 6302^. widi aortic woven portion 620 
requiring mere warp yams for weaving tlian the iliac woven 
portions 630o and 630^. As sudi, during weaving of the iliac 

5 woven portions 630^ and 6306, selected warp yams are 
gradually disengaged from the weave at transitioiial woven 
poitioD 625 as represented by disengaged warp yams 660^. 
In FIG. 25, iliac woven portions 630o and 630^ require more 
warp yams for weaving than aortic woven portion 620, and 

10 thus the disengaged warp yams 660' arc disengaged during 
weaving of the acxtic woven section. 

The tubular prostheses formed in accordance with the 
prcsmt invention can be used in surgical procedures as well 
as nott-invasivc procedures. A lternatively, the tubular pros- 

15 theses of the pres ent i nvcntion'can be usedj Uu^onjunctiCTi 
w ith a variety of It^ts^m oifejo pm^f;^ 
wlSn^tfic^lj^ gijof^ bofe lto be rci^iredJor example. 
FIG. 26 shows a bifurcated graft in aco^dance with doe 
embodimoit of die present invention, including a stent 50 

20 affixed thereto at one portion (^tniurcated graft 600. FIG. 27 
shows a bofiircatcd graft in accordance with an alternative 
enibodiment of the present invention, having stent 50 sub- 
stantially along the entire length of tubular wall 617, posi- 
tioned within the inner hunen of bifurcated graft Such a 

23 stent 50 is well known in the art, and can be constructed in 
any desired sh^ and of any material known in ttie ait, for 
exanqile, a shaped rn cnMH V all o y, as disclosed in Intema- 
tionid /4»p&cauon 'Vo. PCiyuS95A)1466, inoccparated 
herem by referenoe. It is contnnTplated by die present 

30 invention duit stent 50, as wen as other stent types, can be 
used in such a manner widi any of the tubular woven grafts 
of the isesent invention. 

E>CAMPLES 

^ Unles8othciwiscnoted,ttiegraftsof all of the following 
exaii9>les were flatpwoven in a tubular configuration using 
an electronic jacquard weaving machine. All of tiie grafts 
were flat-woven using a plain tubular weave pattern. The 
warp yams and the fill yams were oonstmcted of single ply, 
50 denier, 4S filament pKdyester with 170-190 warp ends per 
inch per layer and 86-90 fill yams per indi per layer. 

ExanoQile 1 

45 The purpose of Examples 1 and 2 are to demonstrate that 
even when die eledronic jacquard loom is used, unless die 
gradual engagement or disengagement of warp yams is 
employed in acoordanoe widi die present invention, aooeptr 
able void free grafts will not be obtained. 

^ A stqjped graft (no taper) was fiat-woven on an electronic 
jacquard loom in a tubular configuration to produce a 12 
millimeter inner diamrTcr section of the graft and a 10 
millimeter inner diameter portion of the graft. The number 
of warp yams required for weaving the 12 millimeter inner 

3^ diameter pcstion of the graft was calculated using ttie 
above-mentioned method for pre-determiiiing die number of 
warp yams required to adneve the true desired diameters 
i^n heat dirinteing as follows: 

60 A^Dxp) 

65 The number of waip yams required fo weaving die 10 
mniinwtfiw innmr diameter portion of the graft was simllaiiy 
calfularod as follows: 
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M=2»t<10x23) 

The 12 imUimeter inner diameter pcHtion of Ihe gialt was 
first flat-woven to a desired length. During the flat-weaving 
process, 46 warp yams were disengaged from the weaving 
pattern all at once, i.e., at a single machine pick, in order to 
produce the 10 millimeter inner diameter portion of the 
graft The graft flius produced included a 12 mniimetfr inner 
diameter portion and a 10 millimeter inner diameter portion. 
The transition between the two portions, however, included 
large boles between the weave sections of the graft which 
were visible to the naked eye. 

Bxanq^le 2 

Agraft having a 12 miUiineter iimcr diameter portion and 
a 10 millimeter inner diameter potion was flat-woven in a 
manner similar to that of Example 1. During the transition 
from the 12 mlUimeter imier diameter portion to the 10 
imliimctcr inner dianiftrr portioa, however, all 46 waip 
yams woe not disengaged at once transitioning to the 10 
millimeter diameter portion. Instead, 4 or more warp yams 
were disengaged for every 2 machine picks. The graft thus 
produced included a 12 millinoctcr iimcr diamrtrr portion 
and a 10 mfllimrfnr inner diameter portion. Hie transition 
between the two portions, however, also included unaccept- 
able boles between the weave sections of the graft which 
were visible to tfie naked eye. 

Buunple 3 

This exanq)le demonstrates the requirement for a maxi- 
numi of three warp yams which can be engaged or disen- 
gaged for every 4 machine picks. A graft having a 12 
nuUimeter ^""w ^ I'^m ff^ ff portion and a 10 millimeter inner 
diameter porti<xi was flat-woveo in a manner sunilar to that 

Biuanple 2. During the transition from the 12 inilfimeter 
inner diameter portion to the 10 milUmeter inner diameter 
portion, eijOier 1 or2 warp yams were disengaged for every 
4 machine picks, with a twa-gifwum of 3 warp yams being 
disengaged for every 4 madiine picks. The graft thus 
produced included a 12 millimeter inner dinmctrr portkm 
and a 10 mnKmn^w hmer diameter portion. Hie tnuiaitioii 
between the two portions included a gradual tnuuilion with 
no holes between tbc weave sections of tiie graft. 

Example 4 

This exarr^ demonstrates tlian the selecdon of the 
number of wazp yams for each desired diamrtrr of a 
biftircated graft must be made using the inventive metliod 
steps in order to obtain the tme desired diameters and 
account for vadalioa in beat shrinkage. A set of bifurcated 
grafts were fiat- woven in a tubular configuration lo produce 
an axHtic secticm having a 24, 26 and 28 millimfftfr inner 
diameter and two iliac leg sections having a 12, 13 and 14 
millimeter inner diameter for each leg section, respectively. 
The acotic section of the grafts were first flat-woven. When 
the weave reached the faafuication pcrtion, the previously 
described inventive method of gradually changing the warps 
was not en^loyed. Instead, the number of warp yams were 
split all at once, Lc., at a given pick, with one waip yam 
being disengaged as necessary for one leg of die Hiac leg 
section in order to produce the cocrect weave patten (obtain 
an odd waip yam number). The number of waip yams used 
for eadi graft is shown in Tables 1-3. 

None <^ the number of warp yams for tiie aortic or the 
iliac sections were determined using the aforementioned 
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inventive method, and as such, none of the warp yarn 
numbers were calculated in accordance with the fonmila 
stated therein. 



5 TABUB 1 



10 



20 



25 



30 





NUMBER OF 


NUMBER OF 




WARP YMRNS USED 


WARP YARNS USED 




FOR 24 imn 


FOR EACH 12 mm 




AOimC SECTION 


ILIAC SECnON 


Onft lA 


583 


291 


Gnft IB 


SB7 


293 


Onft IC 


591 


293 


Graft ID 


595 


297 


TABLE 2 




NUMBER OP 


NUMBER Ca^ 




mRP YARNS USED 


WARP YARNS USED 




FOR 26nBn 


FOR BACH 13 mm 




AORUCSBCnON 


niACSEcnoH 


Graft 2A 


657 


313 


Graft 2B 


631 


315 


Gnft2C 


635 


317 


Graft 2D 


639 


319 


TABLE 3 




NUMBER or 


NUMBER OF 




WARP YARNS USED 


WARP YARNS USED 




FOR 28 mm 


FOR BACH 14 mm 




AORUCSBCHQN 


ILIAC ffiCnON 


Graft 3A 


675 


337 


Graft 3B 


679 


339 


OraftX 


6B3 


341 


Gnft 3D 


687 


343 



After the grafts wete woven, they were placed on sted 
mandrels and heat set in an oven for a sufficient time and 
^ te mp er a ture to heat-set their shines and sizc^ ix., at a 
tenqnature of 190^-200^ C far 14-16 noumtes. After 
removing the grafts from tiie mandrels, the aortic section of 
each of ie grafts was properiy heat set to an inner diameter 
of 24» 26 and 28 milliffleters. The Oiac leg sections, however, 
were heat set too tifi}illy on the mandrd8,maidng it difficult 
to remove the kg sectiotts from the mandrels. The actual 
inner H^^wwwr of each of the iUac leg sections was less than 
the desired 12, 13 and 14 miUimeten, respectively. 

50 WrjiTnjJp. S 

Hie following oiample demonstrates the use of the inven- 
tive method of f onning a bifurcated graft of a desired 
diameter. This invention also shows, however, tiiat when the 

55 rate of rhanging (disengaging or engaging) the waip yams 
is greater than 3 waip yams per 4 marhinr, unooocptable 
voids are preset in die weave. 

A set of bifurcated grafts were flat^woven in a tubular 
configuration in a similar manner as in Exanq>le 4, to 

60 produce an acHtic section having a 24, 26 and 28 milliine^ 
jnnpT 4iflTnrffr and two iliac leg secticxis having a 12, 13 and 
14 mmimeter inner diameter for each kg section, rcspec- 
tively. The acrtic section of the graft were first flat-woven. 
When the flat-woven. When the weave reached the bifurca- 

63 tion portirai, the number of wrap yams was adjusted by 
disengaging waip yams from the weave pattern at a rate of 
4 warp yarns being disengaged for every 4 maddne picks. 
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The total number of waip yarns used foe each graft was ber of waxp yams necessary to account for beat set shrink- 
calculated by the fonnula as described herein. age. Moreover, when the disengaged warp yams were sub- 

sequently lemoved firom the extaioi portioo of the aortic 
ff^^Dxp) section, ao boles were present in the tubular wall of the 

The calculated warn yam numbers for each diameter section 5 graft at the transition between the aortic portion and the iliac 
is set f<»th in the tables below. portions. This clearly demonstrates the necessity foi the 

gntdual change in waip yams as claimed herein. 
TABLE 4 ^ invention being thus described, it wiU now be evident 

to those skilled in the art that the same may be varied in 
10 mnny ways. Such variations are not to be regarded as a 
departure from the ^irit and scope of the invention and all 
such modifications are intended to be included widiin the 
scope of the following daims. 
What is claimed Is: 
IS 1. A fiat-woven implantable open-ended tubular prostfae- 
sis having a plurality of waip yams and fill yams, said 
tubular prosthesis conqxising a first pcHtion and a second 
p(Ktion spaced from said first portion whidi define therebe- 
tween 8 transition tubular wall extent, said first portion 





NUMBER OP WARP 


NUMBER OP WARP 




YARNS USED FOR 


YARNS USED FOR 




24mmAORIK:SBCniON EACH 12 mm ILIAC SBCHON 


Giafl4 


581 


305 


TABLES 




NUMBER OP WARP 


NUMBER OP WARP 




YARNS USED FOR 


YARNS USED FOR 




26mmAORnC SBCnON BACH 13 mm SIAC SBCIK>N 


QnftS 


627 


327 


TABLE 6 




NUMBER OP WARP 


NUBIBBR OF WARP 




YARNS USSD FOR 


YARNS USED FOR 




28 mmAORnC aCRON EACH 14 flOD SJAC SBCnON 


Qnfte 


m 


351 



second diameter differmt from said first diameter, said 
tubular prostliesis further including a weaving pattern along 
said transition tubular wall extent, said weaving pattern 
having a gradual change in the number of warp yams to 
25 provide a seamless substantially fluid-tig^t transition 
betweo) said first poction and said second portion. 

2. Ibe prosdiesis of daim 1 furdier indoding a first 
tubular wall seamlessly contiguous with said first portion of 
said trtnsiticm tubular wall extent, said first tubular wall 

30 having a constant diamrtrr. 

3. Hie psostfaesis of daim 2 further including a second 
After the grafts were woven, they were placed on sted tutwiar wall seandessfy contignoos with said second portion 

mandrels and heat set in an oven at a temperature of of said transition tubular wall extent, said second tabular 
190^-200^ C for 14-16 minutes. After removing die grafts having a constant diamcta. 

firom the mandrels, the aortic section of each of the grafts 35 4. prosthesis of claim 1 wherein said transition 
was propedy beat s^ to an inner <*i>m^w of 24, 26 and 28 tubular wall extent is generally frustooonical in shq)& 
mOUmeters, tespectively. The iliac leg sections were also 5. prosthesis of daim 1 wfacxein said transition 
propedy heat set to an inner diameter of 12, 13 and 14 tubidar wall extent is generally shaped. 
ndllimelBrs, respectivdy. When the disengaged waip yams 6.The jsosthesis ctf daim 1 wlifirdn said gradual change 
were removed from the exterior portion of die aortic graft 40 in the number of warp yams is defined by a diange cf no 
sectkMi, however* holes visible to the naked eye were present than 3 of sdd waip yams for every 2 of said tubular 

in the tabular wall of the paft at the transition between the fiu yams to create a substantially fluid4^ walL 
aortic portion and the iUac leg portions. 7. The prosthesis cf daim 1 wherean said waip yams and 

wranrnv. ^ fill ysms indodc materials sdectcd from the group oonsist- 

45 ing of polyester, polypropylene, pclyetlqrlene,polyurctbane. 

This example demonstrates the ose of the inventive p o iy t e tr a flnotocfliyleoe and mixtures thereof, 
embodiment, ie., using gradual^ disengaged warp yams to 8. The pKMrthesis of daim 2 further including a jdurality 
transition from the aortic section to die iUac sections, and the of secondary tubular walls eadi seamlessly contiguously 
use of the Inventive method of calmlatlng the number of woven with said second portion of said transitioa tebular 
warp yams required for a given diamftrr 50 wall extent. 

A set of bifurcated grafts were flat-woven in a tubular 9. Tlie prosdiesis of claim 8 wbeidn said plurality of 
oonflgucation in the same manner as in Example 5, to seoondaiy tubular walls and said second portion of said 
produce an acAlc secdoo having a 24, 25 and 28 winifm##i^ transition tubular wail extent define a seamless crotch, 
inner diameter and two iliac leg sections having a 12, Band 1<K The prosthesis of daim 9 wherein said plurdity of 
14 millimeter inner diameter for each leg secdon, xeq>eo- ss secondary tubular walls is a pair of secondary tubular walls 
tivety. When the weave readied the bifurcatioa portion, defining a Ufurcated stracCuie. 

however, die number of waxp yams was adjusted by disen- 11. The prosthesis of claim 19 wherein said bifurcated 
gaging warp yams from the weave pattern at a rate of no structure inrhides saM pair of secondary tidwlar walls of 
more than 3 waxp yams being discng^ed for every 4 different diameters. 

mpdiffi'^ picks. After the girafts were woven, Ih^ were heat 60 12. The prosthesis of dahn 10 wherein said bifurcated 
sd in the same maiiner as in Bxaiiqile 5. Aflff removing die structure inrlndrs said pair of secondary tubular walls of- 
grafts from the mandrels, the inner diameters of die aortic equal diameter. 

section of each of the grafb measured 24, 26 and 28 13. The prosdiesis cf daim 1 furdier induding a stent 
millimeters, tespectively, and diameters of die iliac 1^ affixed to said tabular prosdiesis. 
sections measured 12, 13 and 14 miUimeters, respectively. 65 14 Aflat-woven implantable tubukr prosdiesis compris- 
nie predsc desired inner diameters were dius obtained ing first and second open ends defining a substantially 
using the inventive method of determining die proper nuni- fluid-tight tubular wall therebetween, said tubular wall 
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including a (rfurality of waip yaras and fill yams, said having a fourth selected number of waip yarns which is 

tubular wall bdng defined by a ftrst elongate woven section different from said first, said at least second, and said diird 

with a first selected number of warp yams therealong to selected number of waip yams, said at least fourth woven 

define a first tubular internal diameter^ and a second transi- extent defining at least a fourth tubular portioD having a 

don elongate woven section seamlessly contiguous widi said 5 constant internal diameto- therealong which is different from 

first woven section and having a weaving pattern incoipo- said first tubular internal diameter, said at least second 

rating a gradual change in die number of warp yams tubular internal diameter and said third tubular internal 

therealong to define at least a second tubular internal diam- diameter, wherein said third woven extent and said fourth 

eter different from said first tubular internal diameter. woven extent ccMnprise at least two tubular members form- 

15. The prosthesis of claim 14 wherein said second woven lo ing a bifiircated arch. 

section is inwardly tapered. 25. The prosthesis of claim 24 wherein said bifurcated 

16. Theprosthesisof claim 14 wherein said second woven arch includes warp yams from said tcansitiooal second 
section is outwardly flared. woven extent gradually interwoven with waip yams from 

17. The prosthesis of daim 14 fizfther inchiding a third each of said at least two tubular members. 

dongate woven section seamlessly contiguous witfi said is 26. A method of farming a seamless flat-woven iiiq>lant- 

second woven section. able tubular prosthesis oonqxising the stq>s of: 

18. The fvostfaesis d claim 14 further induding a pair of weaving a mbstUiUaHty fluid-ti^ tubular wall having a 
dongate tubular members seamlessly contiguous with said transitioDai diameter along a longitudinal extent 
second section- thereof , said weaving ioduding gradually engaging or 

19. The pros&esis of daim 18 wherein said tubular 20 disengaging waip yams wifli fill yams along said extent 
members have equal diameters. to tiansitioa&tm a first diameter to a second diameter 

20. The prosAesis of ckan 18 wherein said tubular diffoent from said first diameter. 

members have diffdent diameters. ^ 27. The method of cdaim 26 iKteein sdd weaving fm^ 

2L The prosthesis of daim 18 ^erdn said pair of tubular indudes fooDinga first dongate portion of unifoim ^m^^ff 

menobers have different lengths. 25 contiguous with one end of said longitudinal extent 

2Z A flat-woven tubnlar hnplantaMr prosthesis having a 28. The method of claim 27 ^iteein said weaving furthtf 

pluralityof waip yarns and fill yarns, said tubular prosthesis indudes forming a second d<»gate portion of unifonn 

comfsising first and second open ends defining a suibstan- diameter contiguous with the other end of said longitudinal 

tially fluid-tight tubular wall Ihcrebetnreen, said tubular wafi extent, said diameter of said first dongate portica being 

having 30 difficrent from said diameter of said second dongate portioiL 

a first woven extent with a first sdected number of waip 29. A method of making a seamless flat-woven inq>]ant- 

yams therealong to define a first tubular portion having able tubular prosdsesis conqxrising: 

a constant internal diameter therealong; weaving a first section of said prosthesis having a first 

a tiansitioiial second woven extent contiguous with said diarrWer using a first selected number of waip yarns, 

first woven extent with at least a second sdected and 

number of warp yams ttiercalong defining a gradual seamlessly transiti<ming to a second section of said pros- 
change in die number of waip yams to define at least a thesis having a second diameter different from said first 
second tubular internal diameter whidi is different from iHam^w \yy graduidly Mi gag ing or disengaging warp 
said first tubular internal diameter, said transitional yams with fill yams to fcon a substantial^ fluid-tight 
second woven extent defining a weaving pattern incor- pcoslfaesis. 

pofating a seamless and gradual transition therealong; 30. jyi^ method of Hirfm 29 wheidsy said txansitioning 

^ occurs without creating voids between said weave sections 

a thiid woven extent contiguous witii said Hansitional greater than the diameter <tf three waip yams to create a 

second woven extent, said tfatrd woven extent having a ^ substantiaily fluid-tight prosthesis, 

third sdected mmdxr of waip yams which is differ^ 31. Hie prosdiesis of claim IS, wherein said second 

from said first and said at least second selected number section finther indudes a crotch section to provide for said 

of warp yams, said third woven extent defining a diird tabular member bdng seamlessly contiguous with said 

tubular portion having a constant internal diameter second section. 

therealong which is different from said first nibabr ^ XL The prosdiesis of daim 14, wlierehi sdd gradual 

internal diametET and said at leart second tubular inter- change in the nnndwr of waip yams is defined by a change 

nal diametBL of no mare fluu 3 of said waip yams for every 2 oi said 

23. The prosthesis of claim 22 wherein said gradual tubular fill yams to create a substantially fluid-tight wall 

transitiao is defined by a change of no more than 3 of said 33. Hie prosdiesis of daim 27, li^ierein said gradual 

warp yams for every 2 of said tubular fin yams to cceafte a ^ change in the number of waip yams is defined by a change 

substantiaUty fluid-tight waL of no nkore than 3 of said waip yams for every 2 of said 

24 The prosthesis of daim 22 ftnther inchiding at least a tubular flll yams, 
fourth woven extent seamlessly contiguous with said tran- 
sitional second woven extent, said footdi woven eictent « * * * * 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 


PATENT NO. : 
DATED : 
INVENTOR(S) : 


5,800,514 Page 1 of 3 
September 1, 1998 
Nunez et al. 


It Is certified that error appears in the above-lodentified patent and that said Letters Patent is hereby 
corrected as shown below: 


IN THE TITLE: 






On the title page, item 
[541 and column 1, lines 
1-3, 


now reads "SHAPED WOVEN TUBULAR SOFT- 
TISSUE PROSTHESES AND METHODS OF 

MANUFACTURING", 

should read -SHAPED WOVEN TUBULAR SOFT- 
TISSUE PROSTHESES AND METHODS OF 
MANUFACTURING THE SAME--; 


Column 1, Line 67, 




now reads "copending", 
snouiQ reau — co-pciiuin^ , 


Column 2, Line 8, 




now reads "on c'\ 
should read -one-; 


Column 2, Line 27, 




now reads "yam", 
should read -yam-; 


Column 2, Line 33, 




now reads "y^ '» 
should read —yam-; 


Column 3, Line 3, 




now reads "manually cut an bifurcated graft" 

should read -manually cut and tailor one of the legs of a 

bifurcated graft-; 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 5,800,514 Page 2 of 3 

DATED September 1, 1998 

INVENTOR(S) : Nuftez et al. 

It is certified that error appears in the above-indentified patent and that said Letters Patent Is hereby 
corrected as shown below: 

Column 4, Line 65, now reads "predetermined", 

should read — pre-determined-; 

Column 5, Line 1 , now reads "yam", 

should read -yam-; 

Column 7, Line 2, now reads "yam", 

should read -yam-; 

Column 7, Line 9, now reads **yam"» 

should read -yam-; 

Column 10, Line 20, now reads "yam", 

should read -yam-; 

Column 10, Line 23, now reads "yam", 

should read —yam-; 

Column 1 0, Line 24, now reads "yam", 

should read -yam-; 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. 

DATED 

INVENTOR(S) 



5,800.514 
September 1, 1998 
Nufiez et al 



Page 3 of 3 



It Is certified that error appears in the above-indentified patent and that said Letters Patent is hereby 
corrected as shown below: 



Column 10, Line 25, 
Column 11, Line 10, 
Column 11, Line 50, 
Column 12, Line 13, 
Column 18, Line 64, 



now reads 'yam'\ 
should read -yam--; 

now reads 

should read -yam—; 

now reads **yam", 
should read -yam—; 

now reads "yam", 
should read -yam—; 

delete "When the flat-woven'^ 



Signed and Sealed this 
Sixteenth Day of February, 1999 



Attest: 




Ac&^Comiidsdana'cfPaUtasandTradahiarks 

Attesting Officer 
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